Objective: to describe the geographical distribution of intermediate hosts of Schistosoma mansoni in five Brazilian states. Methods: this was a descriptive cross-sectional study; municipalities were selected in the states of Paraná (78), Minas Gerais (120), Bahia (82), Pernambuco (51) , and Rio Grande do Norte (98), for the period 2012 to 2014; these municipalities were chosen because they did not have current records of the presence of snails vectores de S. mansoni. The molluscs were captured and taxonomically identified and examined for S. mansoni cercariae. Results: the work was carried out in 427 municipalities (99.5% of the 429 selected); the presence of mollusks was registered in 300 (70.2%) municipalities; Biomphalaria glabrata were found in 62 (21%) municipalities, B. straminea in 181 (60%), B. tenagophila in three (1%); B. glabrata/B. straminea association was found in 53 municipalities (18%) and B. glabrata/B. tenagophila association in one (0.3%) municipality. Conclusion: B. glabrata, B. straminea and B. tenagophila distribution records obtained in this study are consistent with previously known distribution.
Introduction
Schistosomiasis mansoni is a parasitic infectious disease 1 the etiological agent of which is the Schistosoma mansoni trematode. It is endemic in approximately 49 countries of the Americas, Caribbean and Africa. In Brasil, from 1975 to 2012, the percentage of schistosomiasis positivity ranged from 4.5 to 23.3%, while the highest prevalences are found in the Northeast and Southeast regions of the country. From 1988 to 2013 the hospitalization rate ranged from 2.5 to 0.08/ 100,000 inhabitants and the mortality rate in the period from 1987 to 2012 ranged from 0.5 to 0.2/100,000 inhabitants. 1 The invertebrate hosts are planorbidae mollusks of the Biomphalaria genus. Among the 11 species and one subspecies of mollusks of this genus recognized in Brazil, only Biomphalaria glabrata, Biomphalaria tenagophila and Biomphalaria straminea have been found naturally infected with S. mansoni so far. The most important intermediate host is B. glabrata, because of its high susceptibility to S. mansoni and wide distribution. In Brazil, its occurrence is almost always associated with the presence of schistosomiasis mansoni. 2 Biomphalaria tenagophila has spread along the coastal strip from the south of the state of Bahia to Rio Grande do Sul. In the states of Minas Gerais, São Paulo, Paraná and Rio Grande do Sul, the species is moving west. B. tenagophila has epidemiological importance in the Paraíba Valley in São Paulo state.
Biomphalaria straminea has the broadest geographical distribution and is present in almost all Brazilian river basins. Due to its extensive distribution, B. straminea is the species best adapted to all varieties of climates and ecological conditions of the country. This species has importance in the epidemiology of schistosomiasis in some states of Northeast Brazil. The lack of malacological research in Brazil explains the shortage of data on the geographical distribution of these species of mollusks. 2 A further three species, Biomphalaria peregrina, Biomphalaria amazonica and Biomphalaria cousini, and a hybrid of the latter two were experimentally infected and are considered potential hosts of the parasite. [3] [4] [5] In 2008, the Ministry of Health, following the recommendation of the Technical Advisory Committee of Schistosomiasis Program, redefined the data on the geographical distribution of S. mansoni mollusk hosts of in the country's states, focusing on transmission as topic of relevance to the Schistosomiasis Surveillance and Control Program.
The geographical distribution of S. mansoni intermediate hosts by Brazilian municipalities has been progressively updated, on the basis of new records of the presence of the three host species. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Records of B. glabrata occurrence are delimited by the 0 53'S (Quatipuru, PA), 29 51'S (Esteio, RS), 53 44'S (Toledo, PR) parallels and the coastline; B. straminea is delimited by the 02º54'S and 31º00'S parallels, longitude 44º43'W and the coastline; and B. tenagophila is delimited by the quadrant between the 10º12°'S and 33º41'S parallels, longitude 57º05'W and the coastline. 9, 12 The objective of this study was to describe the geographical distribution of intermediate hosts of S. mansoni in five Brazilian states.
Methods
This is a descriptive ecological study, carried out in the period from September 2012 to October 2014. Quantitative and qualitative techniques (morphological identification) were used to survey intermediate hosts of S. mansoni, as well as information previously recorded on the collection of mollusks kept at the Oswaldo Cruz Institute/Oswaldo Cruz Foundation, Rio de Janeiro, RJ (Fiocruz/CMIOC). The study coverage area comprised 429 municipalities in states of Paraná (78), Minas Gerais (120), Bahia (82) Pernambuco (51) and Rio Grande do Norte (98). These municipalities were chosen because they did not have current records of the presence of intermediate hosts of S. mansoni. The samples were collected by a team composed of researchers and health professionals from the municipalities, previously trained at each state's reference laboratory.
Biomphalaria straminea has the broadest geographical distribution and is present in almost all Brazilian river basins. Due to its extensive distribution, B. straminea is the species best adapted to all varieties of climates and ecological conditions of the country.
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Three water collections were selected by municipality, with priority being given to places where local populations have greater contact with water and where there are favorable conditions for the occurrence of planorbidae. 18 Mollusks were collected at different water collection points. To achieve this, a perforated metal ladle (with holes around 2mm) or a riddle fixed to a handle approximately 1m in length were used. Submerged vegetation on the banks was scraped as was the bottom of the water collection points, in order to collect an adequate amount of specimens. There is no defined sampling technique for this kind of survey. All the specimens found were stored in plastic containers, labeled and taken to the laboratory.
The data on the geographic coordinates of all the places surveyed were obtained by means of GPS receivers and recorded using the decimal system.
The examination of S. mansoni larvae in the mollusks specimens 24 was performed at the Helminthology and Medical Malacology Laboratory of the René Rachou Institute/Oswaldo Cruz Foundation (IRR/Fiocruz) and at the Malacology Laboratory of the Oswaldo Cruz Institute/Fiocruz (IOC/Fiocruz). We used the technique of light stimulus or crushing between glass plates to detect the presence or absence of trematodes. Morphological identification was carried out at these two laboratories and also at the Laboratory of the Paraná State Health Department.
The dissection of the mollusks was done according to the Deslandes protocol; 25 specific identification was performed according to the protocols established by Paraense, 26 based on morphological characters. Molecular identification 27 was performed by the René Rachou Institute/Fiocruz Helminthology and Medical Malacology Laboratory, on at least one specimen from each catchment point in the states of Paraná, Minas Gerais and Pernambuco. The molecular profiles were compared to the standard profiles of the DNA extracted from snails tissue from the Medical Malacology Collection (Fiocruz/CMM).
Stata version 10.1 (Stata LP, College Station, TX, USA) was used for data analysis and the maps were drawn using ArcGIS software version 9.3 (Esri, Redlands, CA, USA).
The State Health Departments involved supported the study by making technical staff available for field work and also by providing transport to the collection sites. The formalization of their agreement was done by means of an official document.
The survey was conducted in accordance with Normative Instruction No. 141 of 19 December 2006, which regulates the environmental control and management of harmful synanthropic fauna.
Results
After checking with the state and municipal health authorities, the number of municipalities to be included was adjusted, since the state of Paraná had already done a survey in 172 municipalities. A further 93 municipalities were included in the other states, namely 52 in Minas Gerais, 6 in Bahia, 32 in Pernambuco and 
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3 in Rio Grande do Norte. In the latter state, it was not possible to perform collection in two municipalities (Grossos and Galinhos) due to the most severe drought in the last 100 years and consequent absence of environments propitious to freshwater mollusks. Of the 429 municipalities selected for the study data were obtained from 427 municipalities (99.5%) ( Table 1) , mollusks of the Biomphalaria genus were found in 300 (70.2%). These snails were found in 120 municipalities in the state of Minas Gerais and 78 municipalities in the state of Paraná (Figure 1 ), these being in the country's Southeast and Southern regions, and in 82 municipalities in the state of Bahia, 51 in Pernambuco and 98 in Rio Grande do Norte, these being in the country's Northeast region (Figure 2 ). Data on 61 of these municipalities had already been already recorded as part of collection of mollusks kept at the Oswaldo Cruz Institute. The presence of B. glabrata was recorded in 62 municipalities, B. straminea in 181 and B. tenagophila in three municipalities. In 53 municipalities, B. glabrata was associated with B. straminea; and in one municipality, B. glabrata was found associated with B. tenagophila (Table 1) .
Mollusks were infected with S. mansoni in three (1%) of the 300 municipalities where mollusks were present, all three of them being in the state of Bahia: Itororó (eight), Arataca (one) and Teolândia (nine). The results of collection per municipality, in the five states surveyed (Figure 1A) , are presented below: [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] In spite of the efforts made, data about the actual geographic distribution of these mollusks throughout all the national territory are subject both to the difficulty of access to certain regions of the country and the lack of financial resources and limited number of researchers working in this specific area. Another major limitation lies in the capacity of intermediate hosts of S. mansoni to adapt to inappropriate environmental conditions, such as drought in their habitats, thus imposing the need of conducting periodic searches in freshwater biotopes. 28 These mollusks are able to bury themselves as the environment becomes drier; while after the rainy season, they quickly repopulate the habitat thanks to their great reproductive capacity. According to Paraense, 28 a single B. glabrata specimen is capable of cumulatively producing ten million descendants in three months. Besides burying themselves, these mollusks can survive even if they are infected with S. mansoni, by reducing their metabolism and remaining in diapause or anhydrobiosis. 29 The geographical distribution of S. mansoni intermediate hosts in Brazil provides schistosomiasis with the ability to spread, including to areas considered to be unaffected. 6, 9, 30 The geographical distribution and the correct identification of three intermediate S. mansoni host species are important to guide health care workers and the surveillance and environmental control measures in each locality, allowing the interruption of the disease's epidemiological chain. Studies like this one contribute to health services in terms of improving or more appropriate structuring of schistosomiasis control and surveillance activities, directing actions toward areas of risk and streamlining the application of resources available. S. mansoni intermediate host mollusk monitoring activities and research into of larval forms of S. mansoni need to be permanent activities, as preventive measures to prevention the spread or outbreaks of schistosomiasis in Brazil.
